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CLAIMS 

What is claimed is: 

1. A copolymer comprising an isoolefin and a multiolefin, the copolymer 
being substantially free of long chain branching; wherein the copolymer 
has a gVavg. from greater than or equal to 0.978 as determined by triple 
detection SEC. 

2. The copolymer of claim 1 , wherein the multiolefin is a conjugated diene, 
preferably isoprene. 

3. The copolymer of claim 1, wherein the multiolefin content is from greater 
than 0.5 mol%. 

4. The copolymer of claim 1 , wherein the multiolefin content is from greater 
than 1.0 mol%. 

5. The copolymer of claim 1, wherein the multiolefin content is from greater 
than 2.5 mol%- 

6. The copolymer of claim 1 , wherein the multiolefin content is from greater 
than 5.0 mol%. 

7. A copolymer comprising isobutylene and isoprene, the copolymer being 
substantially free of long chain branching; wherein the copolymer has a 
gWg. from greater than or equal to 0.978 as determined by triple 
detection SEC. 

8. The copolymer of claim 7, wherein the isoprene content is from greater 
than 0.5 mol%. 
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9. The copolymer of claim 7, wherein the isoprene content is from greater 
than 1.0 mol%. 

10. The copolymer of claim 7, wherein the isoprene content is from greater 
than 2.5 mol%. 

11. The copolymer of claim 7, wherein the isoprene content is from greater 
than 5.0 mol%- 

12. A copolymer produced by the process comprising contacting an isoolefin, 
preferably isobutylene. a multiolefin, preferably isoprene. one or more 
Lewis acid(s), one or more initiators), and a diluent comprising one or 
more hydrofluorocarbon(s) (HFC's); wherein the copolymer is 
substantially free of long chain branching and wherein the copolymer has a 
g' vis , vs . from greater than or equal to 0.978 as determined by triple 
detection SEC 

13. The copolymer of claim 12, wherein the multiolefin is a conjugated diene. 

14. The copolymer of claim 12, wherein the multiolefin content is from greater 
than 0.5 mol%. 

15. The copolymer of claim 12, wherein the multiolefin content is from greater 
than 1.0 mol%. 

1 6. The copolymer of claim 12, wherein the multiolefin content is from greater 
than 2.5 mol%. 

1 7. The copolymer of claim 12, wherein the multiolefin content is from greater 
than 5.0 mol%. 
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18 The copolymer of claim 12, wherein one or more hydrofluorocarhon(s) is 
represented by the formula: C*H y F, wherein x is an integer from 1 to 40 
and y and z are integers of one or more. 

19. The copolymer of claim 1 8, wherein x is from 1 to 10. 

20. The copolymer of claim 1 8, wherein x is from 1 to 6. 

21 . The copolymer of claim 1 8, wherein x is from 1 to 3- 

22 The copolymer of claim 12, therein the one or more hydrofluorocarbon(s) 
is independently selected from the group consisting of fluoromethane; 
difluoromethane; trifluoromethane; fluoroethan^ 1,1-difluoroethane; 1,2- 
difluoroethane; 1,1,1-trifluoroethane; 1,1,2-trifluoroethane; 1,1,1.2- 
tetrafluoroethane; 1 ,1 ,2,2-tetrafluoroethane; 1,1,1,2,2-pentafluoroethane; 
1-fluoropropane; 2-fluoropropane; 1,1-difluoropropane; 1,2- 
diHuoropropane; 1 ,3-difluoropropane; 2,2-difluoropropane; 1,1.1- 
trifluoropropane; 1,1,2-trifluoropropane; 1,1,3-trifluoropropane; 1.2,2- 
trifluoropmpane; 1,2,3-trifluoropropane; 1.1,1,2-tetrafluoropropane; 
1 1,1,3-tetrafluoropiopane; 1,1,2,2-tetrafluoropropane; U,2,3- 

tetrafluoropropane; 1,1,3,3-tetrafluoropropane; 1,2.2.3-tetrafluoropropane; 
1,1,1^,2-pentafluoropropane; 1,1,1^3-pentafluoropropane; 1,1,1,3,3- 
pentafluoropropane; 1,1,2,2,3-pentafluoropropane; 1,1,2,3,3- 

pentafluoropropane; 1,1,1,2,2,3-hexafluoropropane; 1,1,1,2,3,3- 
hexafluoropropane; 1,1,1,3,3,3-hexafluoropropane; 1,1,1,2,2,3,3- 
heptafluoropropane; 1,1,1,2,3,3,3-heptafluoropropane; 1 -fluorobutane; 2- 
fluorobutane; l.Wifluorobutane; 1,2-difluorobutane; 1 ,3-difiuorobutane; 
1,4-difluorobutane; 2,2-difluorobutane; 2,3-difluorobutane; 1,1.1- 
trifluoiobutane; 1,1,2-trifluorobutane; 1,1,3-trifluorobutane; 1,1,4- 
trifluorobutane; 1 ,2,2-trifluorobutane; 1,2,3-trifluorobutane; 1,3,3- 
trifluorobutane; 2,2,3-trifluorobutane; 1,1,1,2-tetrafluorobutane; 1,1,1,3- 
tetrafluorobutane; 1,1,1,4-tetrafluorobutane; 1,1,2,2-tetrafluorobutane; 
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l s lA3-tetrafluorobutane; 1,1,2,4-tetrafluorobutane; 1,1,3,3- 

tetrafluorobutane; U,3,4-tetrafluorobutane; 1,1,4,4-tetrafluorobutanc; 
1,2^,3-tetrafluorobutane; 1,2,2,4-tetrafluorobutane; 1,2,3,3- 

tetrafluorobutane; 1^,3,4-tetrafluorobutane; 2,2,3 ,3-tetrafluorobutane; 
1 ,1,1,2,2-pentafluorobutane; 1 ,1, 1,2,3-pentafluorobutane; 1 ,1 ,1 ,2,4- 



1.1.1 .3.3- pentafluorobutane; 
l 9 \ y \ ,4,4-pentafluorobutane; 

1 . 1 .2.2.4- pentafluorobutane; 
1 , 1 ,2,4,4-pentafluorobutane; 
1 ,2,2,3,3-pentafluorobutane; 

1,1,1 ,2,2,3-hexafluorobutane; 
1,1,1 ,2,3 ,3 -hexafluorobutane, 
1,1,1 ,2,4,4-hexafluorobutane; 
1 ,1 ,1 ? 3,4,4-hexafluorobutane; 

1 . 1 .2.2.3 .3- hexafluorobutane; 

1 . 1 .2.2.4.4- hexafluorobutane; 
1 , 1 ,2,3 ,4,4-hexafluorobutane; 

1,1,1 ,2,2,3 ,3 -heptafluorobutane; 
1 A ,1 ,2,2,3,4-heptafluorobutane; 
1,1,1 ,2,3,4,4-heptafluorobutane; 
1,1,1 ,3,3,4,4-heptafluorobutane; 
1,1,1 ,2,2,3,4,4-octafluorobutane; 
1,1,1 ,2,2,4,4,4-octafluorobutane; 
1,1,1 ,2,2,3,3,4,4-nonafluorobutane; 1 ,1,1 ,2,2,3,4,4,4- 
1 -fluoro-2-methy lpropane; 1 , 1 -difluoro-2- 

l,3-difluoro-2-roethylpropane; l,l,l-trifluoro-2- 
1 , 1 ,3-trifluoro-2-methylpropane; 1 ,3~<iifluoro-2- 
(fluoi*methyl)propane; l,l,l,3-tetrafluoro-2-methylpropane; 1,1,3,3- 
tetrafluoro-2-methylpropane; i,l,3-trifluoro-2-(fluoromethyl)propane; 
l,U,3,3-pentafluoro-2-methylpropane; l,l,3,3-tetrafluoio-2- 
(fluoromethyl)propane; 1 J .1 ,3-tetrafluoTO-2-(fluoromethyl)propane; 

fluorocyclobutane; U-difluorocyclobutane; 1 ,2-difluorocyclobutane; 1,3- 



pentafluorobuiane; 
pentafluorobutane; 
pentafluorobutane; 
pentafluorobutane; 
pentafluorobutane; 
pentafluorobutane; 
hexafluorobutane ; 
hexafluorobutane; 
hexafluorobutane; 
hexafluorobutane; 
hexafluorobutane ; 
hexafluorobutane; 

hexafluorobutane; 

heptafluorobutane; 

heptafluorobutane; 

heptafluorobutane; 

octafluorobutane; 

octafluorobutane; 

octafluorobutane; 

nonafluorobutane; 

methylpropane; 

methylpropane; 



1,1,1,3,4- 
1,1,2,2,3- 
1,1,2,3,3- 
1,1,3,3,4- 
1,2,2,3,4- 
1,1,1,2,2,4- 
1,1,1,2,3,4- 
1,1,1,3,3,4- 
1,1.1.4,4,4- 
1,1,2,2,3,4- 
1,1,2,3,3,4- 
1,2,2,3,3,4- 
1,1,1,2,2,4,4- 
1,1,1,2,3,3,4- 
1,1,1,2,4,4,4- 
1,1,1,2,2,3,3,4- 
1,1,1,2,3,3,4,4- 
1,1,1,2,3,4,4,4- 
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1 1 7-trifluorocyclob\itane; 1 « 1 

difiuorocyclobutane; 1,1,2 trinuo y 

1 Knt*ne" i j2 ,3-trifluorocyclobutane; »,^> 

trifluorocyclobutane, 11953. 

, 1. 1 1 3 3-tetrafluorocyclobutane; 1,1 ,^.-> 

tctrafluorocyclobutane; 1 > 1 ^ KU J 110533. 

, ^ 1 1 9 3 3-rwntafluorocyclobutane; 1,1,2,2,3,3- 

pentafluorocyclobutane; 1,U,3,3 pentan y 1 1.2 3 3 4- 

, * - 1 1 7 2 3 4-hexafluorocyclobutane, l,i»A->.-»,*» 

hexafluorocyclobutane; 1,1,2,2,3,4 nexai 

, n. * 1 1 2 23 3 4-heptafluorocyclobutane, vinyi 

difluoropxopene; 23-difluoropxopene, 3,3-*^ P P 

.-11 3-trifluoropropene; 1,23-trifluoropropene, 1,3,3 

trifluoropropene, 1,1.3 tnfluor P P« 1-fluorO- 
Irifluoropropene, 2,33-trifluoropropene, 3,3,3 tniluo p p _ 
L^enc- 2-fluor0-l-butene; 3-fluoro-l -butene; 4-fluoro-l-butene, 11 
\2Z- -butene; l^difluorcl-butene; 1 ,3-* fl uoropropene; 1,4- 

2,3^-i-bu^ 1. 

difluoro-l-butene; 3,4-difluoro-l-butene, 4,4 <» l1wtene . l23 . 
•« ^ 1 butene- 1 1 3-trifluoro-l -butene; U,4-tnfluoro-l-bute»e, 1,2,3 

i i 3 3-tetrafluoro-l -butene; 1,1,J,4- 
1 1 2 4-tetrafluoro-l-butene; 1,1.3,3-tetraiiuor 

"T iwene- 1144-tetrafluoro-l-butene; 1,2,3,3-tetrafluoro-l- 
tetrafluoro-1 -butene, »,!,*♦,'• w ,,, 4 

i 1 2 4 4-tetrafluoro-l -butene, 

UllWn .. i 9 3 4.tetrafluoro-l -butene, i ,.*,'»»'♦ i cut " 

butene, * eu . _ , 4 4 4-tetrafluoro-l - 

• v, 1 ^ 4 4-tetrafluoro-l -butene, 
tetrafluoro-l-butene, 1,3,4,* xbuuj. A 244 4- 

1 u, rt «,»- 9 3 4 4-tetrafluoro-l -butene, z > 1 »,«»,t 
. 033 4-tetrafluoTO-l -butene, reu ™ 

butene; 2,3,3,4-xerranuvi tetrafluorO-1- 
i K„tene- 3 3 4,4-tetrafluoro-l-butene; 3,4,4,4-tetraliuoro 

tetrafluoro-l-butene, j,^,**,^ _ , , , t „ rt _. 

* „ 1 l^nt^ne- 1 1 ,2,3,4-pentafluoro-l-butene, 
butene; 1,1,2,3,3-pentafluoro-l-butene, 1M . P 4 _ 

1 u„tM< e - 1 1 3 3 4-pentafluoro-l -butene, i,i,^,%*» 

1,1,2,4,4-pentafluoro-l-butene, i,i.->,.>,* P , u 

«_ i i 4 4 4-nentafluoro-l-butene; 1,2,3,3,4- 

pentafluoro-l-butene; 1,1,4,4,4 peman ,9444. 

. 1 9 3 4 4-nentafluoro-l -butene; 

pentafhioro-1 -butene; 1,2,3,4,4 pemai 03444. 

, . 9 3 344-oentafluoro-l-butene; ' 

pentafluoro-1 -butene; 2,3,3,4,4 penuu 119334. 

, a 3 4 4 4-nentafluoro-l-butene; 1,1, A*.*,* 
pentafluoro-l-butene; 3,3,4,4,4 pemtuiu 
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hexafluoro-l-butene; 1,1,2,3,4,4-hexafluoro-l-butene; 1,1,2,4,4,4- 
hexafluoro-l-butene; 1, 2,3,3, 4,4-hexafluoro-l-butene; 1,2,3,4,4,4- 
hexafluoro-l-butene; 2,3,3,4,4,4-hexafluoro-l-butene; 1,1,2,3,3,4,4- 
heptafluoro-1-butene; 1,1,2,3,4,4,4-beptafluoro-l-butene; 1,1,3,3,4,4,4- 
heptafiuoro-l-butene; 1,2,3,3,4,4,4-heptafluoro-l-butenc; l-fluoro-2- 
butene; 2-fluoro-2-butene; l,l-difluoro-2-butene; l,2-difluoro-2-butene; 
l,3-<lifluoro-2-butene; l,4-difluoro-2-butene; 2,3-difluro-2-butene; 1,1,1- 
1rifluoro-2-butene; l,l,2-trifluoro-2-butene; l,l,3-trifluoro-2-butene; 1,1,4- 
trifluoro-2-butene; l,2,3-trifluoro-2-butene; l,2,4-triflooro-2-butene; 
l,l,l,2-tetrafluoro-2-butene; l^l^-tetrafluoro^-butene; 1,1,1,4- 
tetrafluoro-2-butene; l,l,2,3-tetrafluoro-2-butene; 1,1 ,2,4-tetrafluoro-2- 
butene; 1 ,2,3,4-teteafluoro-2-butene; l,l,l,2,3-pentafluoro-2-butene; 
1,1,1 ,2,4-pentafluoro-2-butene; l,l,l,3,4-pentafluoro-2-butene; 1,1,1,4,4- 
pentafluoro-2-butene; l,l,2,3,4-pentafiuoro-2-butene; 1,1,2,4,4- 
pentafluoro-2-butene; 1,1,1 ,2,3,4-hexafluoro-2-butene; 1,1,1,2,4,4- 
hexafluoro-2-butene; l,l,l,3,4,4-hexafluoro-2-butene; 1,1,1,4,4,4- 
hexafluoro-2-butene; l,l,2,3,4,4-hexafluoro-2-butene; 1,1,1,2,3,4,4- 
heptafluoro-2-butene; 1,1,1, 2,4 A4-heptafluoro-2-butene; and mixtures 
thereof. 

23 . The copolymer of claim 1 2, wherein the one or more hydro fluorocarbon(s) 
is independently selected from the group consisting of fluoromethane, 
difluoromethane, trifluoromethane, 1,1-difluoroethane, 1,1,1- 
trifluoroethane, 1,1,1^-tetrafluoroethane, and mixtures thereof. 

24. The copolymer of claim 12, wherein the diluent comprises from 15 to 100 
volume % HFC based upon the total volume of the diluent. 

25. The copolymer of claim 12, wherein the diluent comprises from 20 to 100 
volume % HFC based upon the total volume of the diluent. 



PAGE 8/19 4 RCVD AT 11/30/2004 1 :11 :30 PM [Eastern Standard Time] 4 SVR:USPTO-EFXRF-2/0 • DNIS:7465092 * CSID:281 834 0305 ■ DURATION (mm-ss):04<36 



ps £ X/ U ia La -ns "i-u „s -s- J. « „;s sJ _sl £~. 5-.S s~s - 



NOU-30-2004 1 2 : 23 



281 834 0305 P. 09^19 



Replacement Page 1 1 1 /Ptj^ / -^5" 

26. The copolymer of claim 12. wherein the diluent comprises from 25 to 100 
volume % HFC based upon the total volume of the diluent. 

27 The copolymer of claim 12, wherein the diluent further comprises a 
hydrocarbon, a non-reactive olefin, and/or an inert gas. 

28. The copolymer of claim 27, wherein the hydrocarbon is a halogenated 
hydrocarbon other than an HFC. 

29. The copolymer of claim 28, wherein the halogenated hydrocarbon is 
methyl chloride. 

30. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula MX4; 

wherein M is a Group 4, 5, or 14 metal; and 
each X is a halogen. 

31. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula MRA-n ; 

wherein Mis Group 4, 5, or 14 metal; 

each R is a monovalent C, to C« hydrocarbon radical independendy 

selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl 

and cycloalkyl radicals; 

n is an integer from 0 to 4; and 

each X is a halogen. 

32. The copolymer of claim 12. wherein the one or more Lewis acid(s) is 
represented by the formula M(RO)nR'mX4-(nTHi)i 
wherein M is Group 4, 5. or 14 metal; 

each RO is a monovalent C, to C 30 hydrocarboxy radical independently 
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy, 
alkylaryloxy radicals; 
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each R' is a monovalent C, to C 12 hydrocarbon radical independently 
selected from the group consisting of an alkyL aryl, arylallcyl, alkylaryl 
and cycloalkyl radicals; 
n is an integer from 0 to 4; 

m is an integer from 0 to 4, wherein the sum of n and m is not more than 4; 
and 

each X is a halogen. 

The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula M(RC=00) n R' m X4-<m+n>"> 
wherein M is Group 4, 5, or 14 metal; 

each ROOO is a monovalent C 2 to C 30 hydrocarbacyl radical 

independently selected from the group consisting of an alkacyloxy, 

arylacyloxy, arylalkylacyloxy, alkylarylacyloxy radicals; 

each R' is a monovalent C, to C l2 hydrocarbon radical independently 

selected from the group consisting of an alkyl. aryl, arylalkyl, alkylaryl 

and cycloalkyl radicals; 

n is an integer from 0 to 4; 

m is an integer from 0 to 4. wherein the sum of n and m is not more than 4; 
and 

each X is a halogen. 

34. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula MOX3; 

wherein Mis a Group 5 metal; and 
each X is a halogen. 

35. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula MX 3 ; 

wherein M is a Group 13 metal; and 
each X is a halogen. 
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36. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula MR0X3-0 ; 
wherein M is a Group 13 metal; 

each R is a monovalent Ci to C, 2 hydrocarbon radical independently 

selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl 

and cycloalkyl radicals; 

n is an integer from 1 to 3; and 

each X is a halogen. 

37. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula M(RO)nR , mX3-(m+n); 
wherein M is a Group 13 metal; 

each RO is a monovalent d to C 30 hydrocarboxy radical independently 
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy, 
alkylaryloxy radicals; 

each R' is a monovalent Ci to C, 2 hydrocarbon radical independently 
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl 
and cycloalkyl radicals; 
n is an integer from 0 to 3; 

m is an integer from 0to3, wherein the sum of it and m is from 1 to 3; and 
each X is a halogen. 

38. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula M(RC= = 00) n R , xn X3-(iii-Hj); 
wherein M is a Group 13 metal; 

each ROOO is a monovalent hydrocarbacyl radical independently 
selected from the group independently selected from the C 2 to C30 group 
consisting of an alkacyloxy, arylacyloxy, arylalkylacyloxy, 
alkylarylacyloxy radicals; 

each R' is a monovalent Ci to C l2 hydrocarbon radical independently 
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl 
and cycloalkyl radicals; 
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n is an integer from 0 to 3; 

m is a integer from 0 to 3, wherein the sum of n and m is from 1 to 3; and 
each X is a halogen. 

39. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula MX y ; 

wherein M is a Group 1 5 metal; 
each X is a halogen; and 
y is 3, 4 or 5* 

40. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula MR n X y ^ ; 

wherein M is a Group 15 metal; 

each R is a monovalent Ci to C 12 hydrocarbon radical independently 

selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaryl 

and cycloalkyl radicals; 

n is an integer from 0 to 4; 

y is 3, 4 or 5, wherein n is less than y; and 

each X is a halogen. 

41. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
represented by the formula M(RO) n R'mXy-(m+n); 

wherein M is a Group 15 metal, 

each RO is a monovalent Ci to C 30 hydrocarboxy radical independently 
selected from the group consisting of an alkoxy, aryloxy, arylalkoxy, 
alkylaryloxy radicals; 

each R is a monovalent Ci to C 12 hydrocarbon radical independently 
selected from the group consisting of an alkyl, aryl, arylalkyl, alkylaiyl 
and cycloalkyl radicals; 
n is an integer from 0 to 4; 
m is an integer from 0 to 4; 

y is 3, 4 or 5, wherein the sum of n and m is less than y; and 
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each X is a halogen. 



42. 



43. 



f „i*im 12 wherein the one or more Lewis acid(s) is 
The copolymer of claim \z, wnerc.» 

represented by the formula M<RC^O)^W*>; 
wherein Mis a Group 1 5 metal; 

r, to C™ hydiocarbacyloxy radical 
each ROOO is a monovalent C 2 to C 3 o *y 

independently selected from the group consisting of an alkacyloxy, 
arylacyloxy.arylalkylacy^xy.alkylarylacyloxy radicals; 
Teh R' is a monovalent C, to C„ hydrocarbon radical independently 
*om the group consisting of an ^ " 

and cycloalkyl radicals; 

n is an integer from 0 to 4; 

m is an integer from 0 to 4; 

y is 3, 4 or 5, wherein the sum of i. and m is less than y; and 
each X is a halogen. 

^ rlaim 12 wherein the one or more Lewis acid(s) is 
The copolymer of claim 1A wuwolu 

Lpe^U from the group conslating cf U^un, -achion^ 

tetiabromlda. vanadium t^ctiloridc, tin , ~" 

.Lchlorida titanium bromida trichloride, titanium dibrormd. thchlor.de, 

r^n— . «— ~ - *-* «— ^rir 

.ricHloride, dib^ltitanmm — * *~*«™ 
dibctwiatcoaiun, dibromidc, mcmymtamum «ch,o„d* 

.richlorida, medroxytitanium trichloride. n-b„»x>_, moMonde, 
diCtsopropoxy^um dicbloride, phenoxytitnnmn, —de 
pLy.memoxyzirconium tiitluorido, methyl ^xytri-um o^ondc. 
Lthyl methoxytio dicbloride, benzyl isopropoxyvanadtum d-** 
acetoxyuranium trichloride, l^oylzirconmrn 
^ytoxytitaoiunt tritluoride, i 5 op,opoy.oxy ti n tncblonde, m«hyl 
L^Jln dicbloride. benzyl benzoyloxyv ^ 
vanadium oxytriohloride, aluminum triohloride, boron titfluonde, galltum 
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trichloride, indium trifluoride, ethylaluminum dichloride, mewylaluminum 
dichloride, benzylaluminum dichloride, isobutylgallium dichloride, 
diethylaluminum chloride, dimethylaluminum chloride, ethylaluminum 
sesquichloride, methylaluminum sesquichloride , trimethylaluminum, 
triethylaluminum, methoxyaluminum dichloride, ethoxyaluminum 
dichloride, 2,6^i-tert-birtylphenoxyaluininum dichloride, methoxy 
methylaluminum chloride, 2,6-di-tert-hutylphenoxy methylaluminum 
chloride, isopropoxygallium dichloride, phenoxy methylindium fluoride, 
acetoxyaluminum dichloride, benzoyloxyaluminum dibromide, 
benzoyloxygallium difluoride, methyl acetoxyaluminum chloride, 
isopropoyloxyindium trichloride, antimony hexachloride, antimony 
hexafluoride, arsenic pentafluoride, antimony chloride pentafluoride, 
arsenic trifluoride, bismuth trichloride arsenic fluoride tetrachloride, 
tetraphenylantimony chloride, triphenylantimony dichloride, 
tetrachloromethoxyantimony, dimethoxytrichloroantimony, 
dichloromethoxyarsine, chlorodimethoxyarsine, difluoromethoxyarsine, 
acetatotetrachloroantimony, (benzoato) tetrachloro antimony, and bismuth 
acetate chloride. 

44. The copolymer of claim 12, wherein the one or more Lewis acid(s) is 
independently selected from the group consisting of aluminum trichloride, 
aluminum tribromide, ethylaluminum dichloride, ethylaluminum 
sesquichloride, diethylaluminum chloride, methylaluminum dichloride, 
methylaluminum sesquichloride, dimethylaluminum chloride, boron 
trifluoride, and titanium tetrachloride. 

45. The copolymer of claim 12, wherein the Lewis acid is not a compound 
represented by formula MX 3 , where M is a group 1 3 metal, X is a halogen. 

46. The copolymer of claim 12, wherein the one or more iniriator<s) comprise 
a hydrogen halide, a carboxylic acid, a carboxylic acid halide, a sulfonic 
acid, an alcohol, a phenol, a polymeric halide, a tertiary alkyl halide, a 
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^ ^ halide, a tertiary alM — a terfary aralky. • 

alXyl ■ —» -* 1 — ■ ~ " 
an alkylaryl halide or an arylalkylacid bal.de. 

™ i™„ of claim 12, herein the one or more initiator*.) is 

SST^-i^— orHC^Omefcanol, 

(CH^CO, O0«XPB*a p-ChW^-ime^lpen^ne) and 2- 

chloro-2-tnethylpropane. 

^ . m „ of claiin 12, wherein the one or more initiators) is 

4s - sjrr-ix.i.— 

hyto , g en bromide, hydmecn iodide, acetic acid, propancc acd, Mn. 
£ cinnamic acid, benaoic »cid, .-Cdoroacetic acid, dicnloroaeeUc acd, 
rrich.oro.cedc acid, uiflooroacetic acid, P*« ™^ 
flnorobenaoic acid, ace*, chloride, ace*! bromide, cmnun y > chjonde 
„ chloride, benaoy. bromide, trichloroacetic, 
* fl JLe,ylchloride, p-^benaoyTchlorida, methanestdfonm acA 
rriflnoromemaneanifonie acid, triehlorometiranesnlfotnc _l r 
Wncnesolfonic acid, memanesulfony. ohWe, n.eth^fony. bmm.de, 
| trichloromethanesolfonyl chloride, ttifluoromeUraneaolfony. chlonde, p- 

tCuenesulfonyl chloride, medumol, emanoi, propanel, 2-propanol, 2- 
mChylpropan^-ol, cyclohexanol, benzy. alcohoL pheno,, 
2,6-dimethylphenol, ,«hlorophenol, P -fl»orophenol, 2.3,4,5,6- 
pcmafluorophenol, and 2-hydroxynaphti.alene. 

r wherein die one or more initiators) is 

i9 The copolymer of claim 12, wnerein ™ 

indapendentiy select «- rhe smup — « »f 2-ch*ro-2A4- 
nimed.ylpcnfcne; 2 -bmmc-2,4,4-,rimemy.pen«ne; ^ 
m «hy,propane-, 2-bmmo-2-methy 1 propane ; "-"f^ 
pentamefcyU.ep.ane, 2-bromo-2,4,4,6.6-pen^ethylhep^; 1-chlom^- 
n^edtylbenacne; ..chloroadamantane; l^doroedtylbenzene; 1, 4- 
^om-l-medtylemyl) benzene; J^^.-^WsO^oro-l- 
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-> ,,^*v 2 4 4-trimethylpentane; 2-benzoyloxy- 
methylethyl) benzene; 2-acetoxy 2,4,4 trim y p= 
2 4 4-trixnethylpentane; 2-acetOKy.2-methylpropane; 2-benzoyloxy 2 
o a cetcxv-2 4 4 6,6-p e ntam e thylheptane; 2-benzoyl- 
methylpropane; f 

^o-pentamemylheptane; ,-acemxy-l-memy.emy.benze,*; - 
^ K yaLan.ane; ,-benzoy.oxyefi,y.bcnzene; 

benzene; S-^-b^.-W-bisd-acetoxy-.-meU.y^) 

^e; U-^M— *- "TT^'t 

*memy.pen,a»e; 2™mo*y-2-methylpropane; 

nremylpropane; 2-taopropoxy- 

2,4,4,0, pen n.rthoxyelhylbenzene; 1.4-bisO-methoxy-l- 

methoxyadamantane, 1-metnoxycu,, . 
^Mrt benzene; 5 -,e rt -bu„.. 1 ,3-bis(l-me*oxy...n.e,hy.«n„ 1 ) 

benzene, and l.3,5-trie(l-ehlorn-l-me.l.yl«hyl)benz OT e. 

The copolymer of claim 12, -herein the one ox more ininatorW former 
comprise a weakly-coordinating anion. 

Tn, copolymer of claim .2, wherein the one or more mifia.or(a> comprise 
grearer than 30 ppm water (baaed upon weight). 

The copolymer of claim 12, wherein the contacting further comprise* 
contacting one or more monomer*) independently select from -he group 
coning of olefin,, alpha-olefins. disubstitmed olefins, tsoolefins, 
conjugated dlenea, non-conjugatea dienea, scenic,, substituted ayremcs, 
and vinyl ethers. 

The copolymer of claim 12, wherein the contacting father comprises 
contacting one or more monomers) independently selected from the group 
consisting of styrene, para-alkylstyrene, para-methylstyrene, alpha-me^yl 
styrene, divinylbenzene, diisopropenylbenzene, isobutylene, 2-methyM- 
butene, 3-methyM -butene, 2-methyl-2-pentene, isoprene, butadiene 2,3- 
dimethyl-l,3-but3diene, B-pinene, myrcene, 6,6-dimethy.-mlvene, 
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hexadiene, cyclopentadiene, methyl cyclopentadiene, piperylene, methyl 
vinyl ether, ethyl vinyl ether, and isobutyl vinyl ether. 

, flnv _ f Ae preceding claims, wherein the copolymer is 

54. The copolymer of any 01 tne pr«,cu"i© 
halogenated to form a halogenated copolymer. 

- Ha5m 54 W herein the halogenated copolymer is 

55. The copolymer of claim a-*, 

halogenated with chlorine or bromine. 

56 The copolymer of claim 54, wherein the halogen content is greater than 0.5 
wf/o based upon the weight of the halogenated copolymer. 

57 The copolymer of claim 54, wherein the halogen content is from 0.5 wt% 
' to 3.0 wt% based upon the weight of the halogenated copolymer. 

58. The copolymer of any of the preceding claims, wherein the copolymer has 
a Mw of from greater than 50,000. 

59 . The copolymer of any of *e precede cWms, wherein «he copolymer has 
a Mw of from greater than 100,000. 

f nrecedine claims, wherein the copolymer has 

60. The copolymer of any of the preceding ciai , 

a Mw of from greater than 500,000. 

61 . The copolymer of any of «he preceding claims, wherein rhe copolymer has 
aMwof fiomgreaterthan 1,000,000. 

62 . The copolymer of any of the prece4ing Cairns, wherein .he copolymer has 
a MWD of from greater than 2. 

63 The copoiymer of any of Ore preceding Cairns, wherein the copolymer has 
a MWD of from 2 to 6. 
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64 copolymer of any of the preceding claims, wherein the copolymer has 

' aMooreyv i scosit y ofatleast20 ± 5(MLl + 8atl25°C,ASTMDl646). 

65. The copolymer of any of the preceding claims, wherein the ^^J™ 
a Mooneyviscosityoffrom20,5to60 * 5 (ML 1 * 8 at 125°C, ASTM 

D 1646). 

| 66 The copolymer of any of the preceding claims, wherein the copolymer has 

a from greater than or equal to 0.980 as determined by triple 

detection SEC. 

67 The copolymer of any of the preceding claims, wherein the copolymer has 
a gWav , from greater lhan or equal to 0.990 as determined by tnplc 
detection SEC. 



68. 



69. 



70. 



The copolymer of any of the preceding claims, wherein the copolymer has 
a gW &om greater than or equal to 0.995 as determined by tnplc 
detection SEC. 

The copolymer of any of the preceding claims, wherein the copolymer has 
no long chain branching. 

A blend comprising the copolymer of any of the preceding claims and a 
secondary rubber independently from the group consisting of at least one 
of natural rubber, polyisoprene rubber, poly( S tyrene-co-butadiene) rubber 
(SBR), polybutadiene rubber (BR), poly(isoprene-co-butadiene) rubber 
(1BR) styrene-isoprene-butadiene rubber (SIBR), ethylene-propylene 
rubber (EPR), ethylene-propylene-diene rubber (EPDM). polysulfide, 
isobutylene/cyclopentadiene copolymer rubber, isobutylene/methyl 
cyclopentadiene copolymer rubber, nitrile rubber, propylene ox.de 
polymers, star-branched butyl rubber and halogenated star-branched butyl 
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rubber, bronzed butyl rubber, cbluruuKd M) nrbber, ^-branched 
polylsobutyleue rubber, r^-branehed brominated butyl 
^.yisobutyleuer^e copolymer) rubber. pol,<isobu«yIe„e^ 
■uedryhKyrene) end balogenrdeu polyCisobu^len^me^Utyrene) 
halogenated polyCtoburykme-eo-isoprene^p-methylstyreDe), 
polyOsobu^leue-cc-rsoprene^-^e). halogeuaed pol,Ci*ob*ylene- 
co-rsoprene^o-styrene), polyCisobutyleM^prene-oo-a- 
ruedrylatyrene) halogeoated poly(i 5 ubu V .e m «o-i S opre»«-e<«- 
methylstyrene), and mixtures thereof. 
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